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ECTEINASCIDINS 736 AND 722 
STATEMENT OF GOVERNMENT SUPPORT 

This invention was supported in part by a grant from the National 
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spectra were obtained in the Mass Spectrometry Laboratory, School of 
Chemical Sciences, University of Illinois, and supported in part by a 
grant from the National Institute of General Medical Sciences (No. 
GM27029). 



CROSS REFERENCE TO RELATED APPLICATION 

This application describes compounds related to those described 
in copending U.S. Patent Application Serial No. 07/548,060, filed 5 
July 1990, the disclosure of which is incorporated herein by 
reference. 



BACKGROUND OF THE INVENTION 

Rinehart et al. have recently reported on ecteinascidins (Et's) 
729 (hydrated molecular weight, 747), 743 (761), 745, 759A,B (777), 
770, and their derivatives fl-aethyl-Et 729 and Q-methyl-Et 743. See 
for example, J, Oyg, C^eg,, 1990, ii, 4512-4515; Tonics in 
PfarniaC9«iMl S<?igT)<??? 1989, Amsterdam Medical Press, 1989. pp. 
613-626; J, flat, Prrt, . 1990, S2, 771-792; Biological 
S??<?i=r9qft«Y» Elsevier 1990, pp. 233-258; and Pure Annl . Cham 1990, 
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62 . 1277-1280. Two of chose compounds (Et 729, 743) have also been 
described by others. (See for example, Wright et al., J. Org. Chem. . 
1990, 55, 4508-4512). 

The major component, ecteinascidin 743 (Et 743, (Rinehart et al. , 
J. Org. Chem. . 1990, 51. 4512-4515), and the others were assigned 
tris(tetrahydroisoquinoline) structures by correlation NMR 
techniques, as well as by fast atom bombardment (FAB) MS and tandem MS 
(FABMS/MS). Among these potent antitumor agents, Et 729 showed 
especially promising activities vs. tumor cells, but only minute 
quantities of pure sample were obtained. See for example, Rinehart 
et al., Tonics in P harmaceutical Sciences 1989. pp. 613-626, 
Amsterdam Medical Press B.V, f The Netherlands, (1989), Holt et al. ( 
Absrr. Int. B . 41, 3771-3772 (1987) and Rinehart et al.. U.S. 
Patent Appln. Serial No. 872,189, filed June 9, 1986; PCT Intl. 
Appln. W087 07,610, filed December 17, 1987; Chem. Abstr. . 10£, 811j , 
(1988) . 

The need for further biological evaluation promoted the 
development of a more efficient large-scale isolation procedure. 
During that process f two new biologically active ecteinascidins ; Et 
736 (754) and Et 722 (740) , were isolated from SqtqfrWKridift 
turbinata samples collected at various locations in the Caribbean. 

SUMMARY OF THE INVENTION 

The present invention is directed to the isolation of two new 
compounds, Et 736 and 722 from £. turbinata. together with assignment 
of their structures and biological activities. The data reported 
herein support our previously proposed biogenetic pathway. See, 
Rinehart et al. t J Org. Chem.. £u&£s. 
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Thus, the present invention is directed to the following new 
compounds 3, 4 and 5. Compound 1 and 2, Et 743 and 729, 
respectively, are shown for comparison purposes. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A (top) is the mass spectrum MS/MS (FAB) , on a fragment 
ion at m/2 493 of Et 743, 

Figure IB (bottom) is the mass spectrum MS /MS (FAB) , on a 
fragment ion at m/z 493 of Et 736. 

Figures 2 and 3 are graphs illustrating the percentage of 
inhibition of the growth of L1210 cells by Et 736 (- * -) and Ec 722 
( ) . Also shown on the graphs for comparison are the inhibitory 
effects of Et 743 (' • ') and Et 729 (— ). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Samples of £. turbinate were collected in the Florida Keys and 
Belize, and their cytotoxic extracts were separated by using solvent 
partition, countercurrent chromatography (CCC),* (see. for example, Y. 
I to, CftC Crlr. *»v. Anal. Cham. / 17. 65-143, (1986)) and normal and 
reversed- phase (RP) gravity columns. Final purifications were 
carried out by (C-18) RP-HPLC. 

All samples examined contained Et's 743 (761), 729 (747), 736 
(754), and 722 (740), in various proportions. Et 736 (754), 
[a] D - 76° (£ 0.53, CHCI3) , showed -molecular* ions at a/i 
753.2588 (C 40 H 41 N 4 0gS , A 0.6 rami, M - H, negative ion 
BRFABMS). Et 722 (740), [o] D - -40° (£ 1.64, CHC1 3 ), 
showed •molecular - ions at a/i 739.2433 C 39 H 3g N 4 0gS, A 
-0.7 mmu, M + H - HjO, positive ion HRFABMS). X H and l3 C NMR 
spectra for Et 722 (740) vis-a-vis Et 736 (754) lacked an N 12 -CH 3 
signal and showed an upfield shift for the adjacent carbons C-ll and 
C-13 (TaSle 1), indicating that Et 722 (740) was the N"-demethyl 
derivative of Et 736 (754). 
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Comparison of NMR data (Table 1) for these new compounds with 
chose for Ec 743 (761) and Ec 729 (747) indicated that the 
bis(tecrahydroisoquinoline) units A and 3 are the same in Et 736 
(754) and Et 722 (740) as in the earlier Et's. This was also 
supported by NMR correlation spectroscopy data, including COSY, 
phase* sensitive COSY, CSCM, and COLOC sequences, although some of the 
cxpecced correlations were missing due to the broad peaks observed. 
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Further support for the A-B units' identity was provided by 
HRFABMS (Table II) and FABMS/MS (Scheme I) fragmentation patterns. 
Important fragmentation ions for the A-B bis(tetrahydroisoquinoline) 
unit observed for Et 743 were also seen for Et 736 (Table II). 



TABLE II 

Comparison of HRFABMS Fragmentation Data for 
Et 743 and Et 736 



Observed ions 



Et 743 


EC 736 


Formula ' 


Fragment 


744.2648 




C 39 H 42 N 3 6 10 S 


<M + H - 




737.2655 


C 40 H 40»4 0 8 S 


(M + H - 


523.2011 


523.1960 


C 28 H 31 M 2°8 


a + 2H 


495.2126 


495.2126 


C 27 H 31»2°7 


b + 2H 


493.1980 


493.1980 


C 27 H 29 H 2°7 


b 


477.1978 


477.2024* 


C 27 H 29 N 2°6 


c 


463.1837 


463.1862 


' C 26 H 27 N 2 0 6 


d 


218.1174 


218.1180 




g 


204.1027 


204.1025 


C 12 H 14 N0 2 


h - H 



- H 2 0) 
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Scheme I 
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In addition, the tandem FAB mass spectra of the key fragment ion 
S/5 493 for Et 736 and Ec 743 were essentially identical (see Figures 
1A and IB), arguing that chese Et's contain the same bis(tetrahydro- 
isoquinoline) subunit. 

Addition of 5 pL (ca. 10 equiv.) of methanol-d 4 to a 
CDC1 3 solution of Et 736 gave a drastic downfield change in 
chemical shift for C-21 (£ 81 -> 90) due to the chemical exchange 
of OH at C-21 by OCD3, just as in the case of Et 743 (S 82 -> 
92), see, Rinehart et al.. J. Org. Chem. . 1990, 5£, 4512-4515, 
Similarly, treatment of Et 736 vith methanol at room temperature and 
evaporation of the solvent gave O-methyl-Et 736 (754) (5, M - H at 
767.2761 for C^H^N^OgS, A 0.1 mmu, negative ion 
HRFABMS), which showed a new methoxyl signal (6 53.8, CDCI3) in 
its NMR spectrum- 

.Subtraction of the bis(tetrahydroisoquinoline) unit (A-B) from 
the molecular formula for Et 736 (754) gives the formula 

C 13 H 12 N 2°2 S for the resc of molecula (unic C). The 13 C 
NMR signals for this subunit include one earbonyl carbon and eight 
aromatic/olefinic carbons, leaving three rings for the structure. 
Ihe UV spectrum (MeOH) ^ max 292 (£ 11 900), 283 (12 500), 
221 (sh 44 800) , 207 (11 900) nm along with 13 C NMR resonances at 
S 109.5 and 129.3 suggest this structural unit to be a 
tetrahydro- B-carboline; (see, Shamma et al. , Carbon- 13 NMR Shift 
Assignments of Amin es and Alkaloids: Plenum Press, New York, (1979) 
and Nakagawa ec al. r J. Am. Chem. Soc . HI, 2721-2722 (1989) and 
Rinehart et al. f J Am. Cham. Soc 21* 3290-3297, (1984)), this was 
confirmed by COSY spectra shoving the aromatic spin system of an 
orrho -disubstltuted benzene ring vith signals from S 7.32 to 
6.91, as veil as an aliphatic -C^-CI^-X spin system (Scheme 
II). NMR data for unit C closely resemble those of the dihydro-S- 
carboline debroraoeudistomin L. (See, Nakagawa et al., J. Am. Chem. 
Soc. . HI, 2721-2722 (1989). The remaining atoms in unit C --a 
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carbonyl, a CH 2 , and a sulfur atom - can be assembled as shown in 
Scheme II to be consistent with the chemical shifts for C-ll' and 
C-12' in Et 743 (see, Table I). 

HRMS data on fragmentation ions at i/£ 216 and 243, which were 
seen both in FAB and tandem FAB mass spectra, also supported this 
assignment (Schema I). A COLOC spectrum showing a long-range 
correlation between C-ll' and a proton on C-22, along with an IR 
(CC1 4 ) absorption at 1753 cm" 1 , agreed with an ester linkage 
between C-ll' (carbonyl) and C-22. 

The molecular formula C40 H 42 M 4°9 S for Et 736 (754) 
requires 22 degrees of unsaturation, one more than assigned thus 
far. The additional ring required is consistent with the 13 C NMR 
chemical shifts only if it is formed between the sulfur and C-4 of 
the isoquinoline B ring, as seen in the Et 743 series. Consequently, 
the structures of Et 736 and 722 were assigned as 3 and 4. These 
compounds are closely related biogenetically to those of the Et 743 
series, except for their tetrahydro-£-carboline porrion, which 
presumably comes from tryptamine instead of dopamine, (see, Rinehart 
et al., J. Org. Chem. , 4512-4512, (1990)). Indeed, the 
water* soluble portion of the same tunicate extract yielded tryptamine 
itself, also supporting this biogenetic proposal. 

The bioactivities of Et's 722 and 736 appear to be comparable to 
those of Et's 729 and 743. Et's 722 and 736 inhibit L1210 leukemia 
cells to the extent of 90% in plate assays at 2.5 and 5.0 ng/mL, 
respectively (see, Figures 2 and 3). More importantly, Et 722 is 
highly active in vtvo - giving T/C 230 (4/6 survivors) at 25 pg/kg 
day vs. P388 murine leukemia, T/C 200 at 50 MgAg day vs. B16 
melanoma, and T/C 0.27 at 50 MS/kg day vs. Lewis lung carcinoma 
(see, Table III). 
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Addicional data supporting the activity of Et 722 are shown in 
the following cables: 
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It seems especially promising thac some vq vivo seleccivicy is 
demonscraced by che ecteinascidins; Ec 722 is more accive than Ec 729 
vs. P388 (T/C 190 ac 12.5 mAs day for 729) but less active 
against B16 (T/C 253 for 729). 

The present invention will be further illustrated with reference 
to the following examples which aid in the understanding of the 
present invention, but which are not to be construed as limitations 
thereof. All percentages reported herein, unless otherwise 
specified, axe percent by weight. All temperatures are expressed in 
degrees Celsius* 

GENERAL 

_IR spectra were recorded on an IBM IR/32 FTIR spectrophotometer. 
Optical rotations were measured with a DIP 370 digital polarimeter 
with a sodium lamp (539 nm) and 5 cm (1 mL) cell. Melting points 
were measured with a melting point apparatus and were not corrected. 
NMR spectra were obtained with QE 300 and GN 500 spectrometers. 
High- and low* resolution FAB mass spectra and FABMS/MS data were 
measured on a 70-SE-4F spectrometer* Gravity columns were prepared 
with silica gel (70-230 mesh) or RF C-18 silica gel (Martex 20-40 
M or Fuji-Division 100-200 An Ito multi-layer coil 
separator- extractor was used for CCC, (Y. Ito, CRC Crit. Rev. Anal. 
Chem. . 12, 65-143, C1986). 

EXAMPLE 1 

Collection and Extraction* - A sample (19 kg), collected in the 
Florida Keys in August f 1989, and immediately frozen on site, was 
stored at -20°C until use. The defrosted sample was squeezed 
gently by hand, and the solid material was soaked in 2-propanol (4 L 
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x 3) . The alcoholic extract was separated by decantation from the 
solid and concentrated to an aqueous emulsion, which was then 
extracted with CH 2 C1 2 (0.5 Lx8). The CH 2 C1 2 extract was 
concentrated to a crude oil (20.2 g). 

EXAEffLg 2 

Separation and Purification. - All separations were monitored by 
bioassays against L1210 murine leukemia cells and hflcyococcus, 
luteus . The crude extract was partitioned between the lower and 
upper layers of the solvent system heptane - CH 2 C1 2 - CHjCN 
(50:15:35). The lower layer was concentrated to an oil (5.76 g) , 
which was partitioned again between the upper and lower layers of the 
solvent system EtQAc-heptane-MeOH-water (7:4:4:3). The lower layer, 
showing strong activity, yielded a solid (800 mg), which was 
partitioned again between the upper and lower layers of the solvent 
system EtOAc-heptane-MeOH-water (7:4:4:3). The lower layer, showing 
strong activity, yielded a solid (800 mg) f which was then 
chromatographed to give four feactions over an HP silica gel gravity 
column with MeOH- aqueous NaCl (0.4 M) (7:1). 

The first and most active fraction (333 mg) was separated by CCC 
into ten fractions with EtOAc-benzene-KeOH-cydohexane-water 
(3:4:4:4:3) by using the upper layer as a mobile phase. Fraction 7, 
containing Et 736 as the. major component, was separated by silica gel 
(treated with NH3) column chromatography with CHCl 3 -MeOH (12:1). 
The first fraction (30.4 mg) was purified by C-18 HPLC with 
CHjOT-MeOH-aqueous NaCl (0.25 M) (5:7:3) to give colorless needles 
(from O^CS-HjO) of 3 (25 mg, 1.3 x 10" 4 %): m.p. 140 - 150°C 
dec; HI (CC1 4 ) 3530, 3480 (NH. OH), 2934, 1768 (C-O), 1753 (C-O) , 
1196, 1153, 1089 cm* 1 ; 1R (film) 3350, 3200 (NH, OH), 2928, 1753 
(C-O), 1440, 1250, 1200, 1088 cm" 1 ; [a] , see above; NMR, see 
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Table I; HRFABHS , see Table II. 

Fraction 9 of the CCC separation was chroinatographed on a silica 
gel (NH 3 treated) column with CHCl 3 -MeOH (8:1). The first 
fraction of this chromatogram was purified by the HPLC system 
described above to give light-brown solid 4 (4 mg, 2.1 x 10" 5 %); 
m.p. 160 - 164°C; IR (film) 3292 (NH. OH), 2930, 1753 (C-O) . 1440, 
1238, 1200, 1086 cm" 1 ; [o] f see above; NMR. see Table I. 

Fraction 10 (200 mg) t most polar of the CCC separation, was 
further separated into five fractions by CCC with CHC^-MeOH-^O 
(4:4:3), using the lover phase as the mobile phase. Fraction 5 (51.5 
mg) of this CCC run was separated on a silica gel (50 g) column with 
CHCl 3 -MeOH-H 2 0 (30:20:4) into 11 fractions. Of these, fraction 7 
gave crystalline tryptamine hydrochloride (7 mg); m.p. 230°C dec. 
(lit, 248°C, see, Merck Index, 1989 1540); TLC behavior and 
spectral data identical with those of an authentic sample (Aldrich) . 

The present invention has been described in detail, including the 
preferred embodiments thereof. However, it will be appreciated that 
those skilled in the arc, upon consideration of the present 
disclosure, may make modifications and/or improvements on this 
invention and still be within the scope and spirit of this invention 
as set forth in the following claims. 
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WHAX IS CLAIMED IS: 

1. Ecteinascidin 736 , essentially free of cellular material of 
£. curbinata . and having the structural formula: 




s r 



wherein X - OH and R - CHj. 



2. Ecteinascidin 722 f essentially free of cellular material of 
g. turbinata . and having che structural formula: 




r r 



wherein X - OH and R - H. 
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3. O-Kethyl-ecceinascidin 736, essentially free of cellular 
material of £. tuxMaaca., and having che structural formula: 



OM* 




wherein. Z - OCH3 and & - CH3 
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